Bioethanol production from lignocellulosic biomass is a viable option for improving energy security and reducing green house emissions. In the present study Prosopis juliflora, an invasive tree found through out India, with total carbohydrate content of 67.4 +/-6% was selected as lignocellulosic feedstock for bioethanol production. 
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Introduction
Lignocellulosic substrates are in great abundance, easily available, relatively low-cost and have potentiality to produce clean fuel when compared to sugar or starch containing feedstocks (Naseeruddin et Prosopis juliflora is a perennial deciduous thorny shrub, commonly growing in semi-arid region of Indian subcontinent, Saudi Arabia and the United States of America (Gupta, Sharma & Kuhad, 2009) . It is an invasive species and considered as threat to the ecosystem affecting adversely the biodiversity of the region. However, the tree is valued for the shade, forage and can tolerate drought, salinity as well as grazing (Pasha, Thabit, Kuhad, & Linga, 2008) . To eradicate this tree species mechanical, chemical and biological control programmes are commonly employed but there are other options available to utilize positively for human welfare (Rilov & Crooks, 2009 ). The viable options to manage the menace of these invasive plants for human welfare include its use as fuel wood and application in biofuel industry (Rilov & Crooks, 2009) as its carbohydrate content is 69.25% (on dry weight basis). As the tree does not form a part of main food or feed cycle, it qualifies to be a suitable substrate for long-term sustainable production of bioethanol (Pasha, Thabit, Kuhad, & Linga, 2008) .
It is recommended that prior to distillation the fermented broth should contain higher concentration of ethanol which makes it imperative that initial sugars in the hydrolysate should be high. Concentration of initial sugars in the water soluble fraction of hydrolysate can be achieved by evaporation of water or addition of less water to the hydrolysis process or concentrating the hydrolysate at 70ºC under vacuum (Srilekha Yadav, Naseeruddin, Sai 
Concentration of hydrolysate to increase sugar concentration
Acid hydrolysate (1845 ml) obtained at 100 g level of substrate as reported earlier Shaik Naseeruddin, Suseelendra Desai and L Venkateswar Rao, 2017 was concentrated to increase the sugar concentration for ethanol fermentation by vacuum distillation (assembled in the lab).
During the vacuum distillation, the boiling temperature of the liquid was maintained at 70°C as per Dehkhoda & Brandberg, (2008) . Sugars, phenolics and furans were checked before and after the concentration process. 
Detoxification of concentrated acid hydrolysate
The concentrated hydrolysate was detoxified by overliming with CaO, followed by pH adjustment to 6.00±0.5 using 6 N H 2 SO 4 and treated with charcoal. Sugars, phenolics and furans were estimated before and at each step of detoxification process. The acid hydrolysate was first detoxified by CaO addition at room temperature till the pH reached 10.5±0.5 under fast stirring. 
Fermentation of pentoses and hexoses by mono-and co-culture
Concentrated hydrolysate was used as substrate for fermentation studies by performing monoand co-culture studies. The organisms utilized for the studies were hexose utilizing strain viz Saccharomyces cerevisiae (VS3) and pentose utilizing strain Pichia stiptis (NCIM 3498) (Srilekha Yadav, Naseeruddin, Sai Prashanthi, Sateesh, & Venkateswar Rao, 2011). 
Inoculum preparation
Thermotolerant yeast
Fermentation medium
The concentrated and detoxified acid hydrolysate was used for fermentation. Reducing sugars present in the hydrolysate were used as source of carbon hence no other external carbon source was added to the hydrolysates. The hydrolysate was supplemented with 0.1% (w/v) each of yeast extract, peptone, NH 4 
Ethanol production by monoculture with hydrolysate at 100g level
Monoculture studies with Saccharomyces cerevisiae (VS3) and Pichia stiptis (NCIM 3498) were carried out separately in individual flasks using detoxified and concentrated acid hydrolysate obtained at 100 g level of substrate. At first, 600 ml of detoxified concentrated hydrolysate was supplemented with nutrients. A 30 ml of hydrolysate was taken from 600 ml of hydrolysate in three different flasks for fermentation. The pH of the hydrolysate was adjusted to 5.5±0.1 and autoclaved, inoculated with 10% (v/v) inoculum of each organism separately. The shake flask fermentation was carried out at 30±2°C, 150 rpm for 72 h and samples were collected at regular intervals to estimate residual sugar and ethanol concentration.
Ethanol production by co-culture with hydrolysate at 100g level of substrate
About 150 ml of hydrolysate was taken from 600 ml of detoxified and concentrated acid hydrolysate obtained at 100 g level of substrate and supplemented with nutrients. The pH of medium was adjusted to 5.5±0.1, autoclaved (Pasha, Kuhad, & Linga, 2007) and inoculated with co culture of Pichia stipitis (NCIM 3455) + Saccharomyces cerevisiae (VS3) (added one after the other with an interval of 18 h). The flasks were incubated on a shaker; samples were collected at regular intervals, centrifuged at 6000 rpm for 10 min at 4°C and analyzed for residual sugars and ethanol.
Analytical Methods
The total reducing sugars released during delignification and after acid hydrolysis were estimated by DNS method (Miller, 1959) . The fermentation inhibitors viz. furans and phenolics were analyzed spectroscopy. Phenolics were estimated by Folin -Ciocalteus method (Singleton and Rossi, 1965) , and furans by Martinez, Rodriguez, York, Preston, Ingram, (2000). For estimation of phenolics, to the test tube containing 0.1 ml of sample mixed with 8.4 ml of distilled water, 0.5 ml of Folin-Ciocalteus reagent was added. Later after 5 min, 1 ml of 10% sodium carbonate was added. A blank without sample served as control. The reaction mixture was incubated at room temperature for 1 h and read at 750 nm against blank with gallic acid as standard. For estimation of furans, the hydrolysate obtained was neutralized and read at 284 nm and 320 nm against water as blank. The furan concentration at 320 nm was subtracted from the concentration at 284 nm and a correction factor of 0.056 was added to the final value. Fufuraldehyde was used as standard for total furans estimation. Cell density was measured turbidometrically at 600 nm.
Fermentation broth was diluted 10 times using sterile water and turbidity was measured with a UV-VIS spectrophotometer 117 (Systronics India).
Ethanol produced was analyzed by gas chromatography (Shimadzu GC-2011-Japan) using ZBWax column (30 mm x 0.25 mm) with a flame ionization detector. The analysis was performed according to National Renewable Energy Laboratory procedure LAP #001 (David, 1994) . The column temperature was maintained at 150°C (isothermal) and the carrier gas nitrogen was run at pressure of 16 kPa with a run time of 5.5 min as ethanol has retention time of about 2.3 min. The injector temperature was at 175°C and the detector temperature was at 250°C. The other parameters used were flow rate: 40 ml/min, spilt ratio: 1/50, velocity of H 2 flow: 60 ml/min, sample quantity: 1 µl. The sample used for ethanol estimation was filtered by 0.22 µm cellulose acetate filter for GC analysis.
Statistical Analysis
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All the experiments were conducted in triplicate and mean and standard deviation (SD) values were calculated using MS Excel software. Anova was carried out by using SPSS statistical package software version 19.0.
Results
Concentration of acid hydrolysate
Acid hydrolysate obtained at 100 g level of substrate was concentrated to increase the sugar (Fig 1). 
Ethanol
Conclusions
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The present study was carried out by utilizing concentrated Prosopis juliflora acid hydrolysate to ferment both the sugars simultaneously into ethanol by co-culturing of Saccharomyces cerevisiae 
